Introduction: Students aged 13 and 14 y, in a region in northern Norway with high blood cholesterol levels and high mortality from coronary heart disease (CHD) in the adult population, were studied with respect to lifestyle, dietary habits, nutritional intake and blood lipids including fatty acids in serum. The students came from a coastal community with seawater fish as an important part of the traditional diet, and an inland community with meat from reindeer as a major constituent of the diet. Objective: To investigate whether the traditional diet was maintained among the adolescents and to evaluate the lifestyle and blood lipids. The study was followed up after 1 y. Results: The adolescents from the coastal region did not maintain the traditional diet. In the inland region the students had a high intake of meat, probably reflecting the traditional food culture. The inland boys had higher mean body mass index (BMI) than the coastal boys, and 12% had BMI>28, as compared to none of the coastal boys. Other findings showed that the students had higher levels of blood cholesterol than in the south of Norway and several other countries (about 25% had total cholesterol >5.2 mmol=l), higher intake of dietary sugar and fat than the national recommendations and little intake of seawater fish with corresponding low levels of n-3 fatty acids. This did not change after 1 y of follow up. Some 10 -20% reported daily smoking and 8 -13% reported that they rarely or never did physical exercise. About 30% of the students presented no factors negatively related to development of cardiovascular disease.
Introduction
The population of Finnmark county, northern Norway, located above the artic circle, has the highest mortality from coronary heart disease (CHD) in Norway, and among the highest in the Western world (Westlund, 1979; Njølstad, 1998) . Within Finnmark the mortality from CHD has been higher in men of Norse origin as compared to men of Sami origin (Njølstad, 1998) . The inland population is mainly of Sami origin (>85%), and the coastal communities consist of a mixed cultural and racial population, (Sami and Caucasians) , where the majority is defined as Norse. The blood cholesterol in men from the inland has been higher than in men from the coastal region (Njølstad, 1998; Westlund & Søgaard, 1993) .
The dietary habits and food composition within Finnmark county has traditionally been different in the inland and coastal communities, with high consumption of seafish along the coast, and a high intake of meat, especially from reindeer, in the inland (Westlund & Søgaard, 1993; Øgrim, 1963; Solvang & Øgrim, 1976) . Fishing and fish industry have been important occupations in the coastal region, as herding reindeer has been a major activity inland.
The present study was done to evaluate the blood lipids and lipoproteins in adolescents, and to study lifestyle, nutritional and dietary habits in order to evaluate whether the traditional diet is maintained among young people from a coastal and an inland community in Finnmark county.
Methods
Design, materials and methods Boys and girls at two different schools, aged of 13 and 14 y (n ¼ 232), in an inland and a coastal community of Finnmark county, northern Norway; were examined for dietary habits and lifestyle, blood cholesterol, HDL-cholesterol, apolipoprotein Al and B100, lipoprotein a (Lp a), fatty acid concentration in serum (non-fasting blood), body weight and height.
The participation was voluntary, based on a written orientation about the project, and an invitation to participate. The invitation was sent to both the students and their parents. All the students expressed positive interest.
The students were classified according to their calendar age (y). At the start of the study 50% of the inland girls and 77% of the coastal girls had reached menarche. The study was approved by the Regional Board of Ethics.
Food analyses
By use of a frequency questionnaire (91 questions, designed by HEMIL Centre, University of Bergen, Norway) the diet was analysed for intake of various food items, including meat (different forms) and fish (boiled, fried). Smoking habits, alcohol intake and physical exercise were also registered.
On the basis of a 3 day food record (standardized record), the intake of food and nutrients, the daily energy intake, the percentage energy from protein, fat, total carbohydrates and sucrose (sugar) were calculated by means of a database and computer program developed at the Institute of Nutritional Research, University of Oslo, Norway.
The food record was filled in by each pupil, preceded by 1 h of practical training, at school. The goal was to estimate the weight of every food item ingested over a period of 3 days.
Follow-up
After 12 months, the examination and blood analysis were repeated.
Lipids in serum. Serum was prepared by whole blood clotted in a glass tube for 2 h at room temperature, followed by centrifugation (2500 g for 15 min).
Serum was tested for total cholesterol (enzymatic colourimetric test, cholesterol esterase and cholesterol oxidase), HDL-cholesterol (after precipitating chylomicron, VLDL, LDL with phosphotungstic acid and Mg 2þ ), triacylglycerol (enzymatic colourimetric test; lipoproteinlipase=oxidation= peroxidase). The analyses were done in Axon autoanalyser (Technicon=Bayer, NY, USA). The laboratory participated in a national programme of external quality control, securing the accuracy of the cholesterol analyses. Apolipoprotein A1 and B100 were determined in a Behring Turbitimer (turbidemetry), with reagents from Behring, Behring Diagnostics, Germany. Lp a was measured by ELISA-technique, (TintElize, Biopool, Ventura, CA, USA). The technical analytical coefficient of variation (CV) was 2.3% for total cholesterol and <5% for the rest of the analyses.
Fatty acids. Total fatty acids in serum was quantified after extraction by a modified Folch method (chloroform= methanol=KCl aq., 8:4:3) and methylation (BF3 in methanol) as described earlier (Brox et al, 1981; Christie, 1982) . The fatty acids were analysed by capillary gas -liquid chromatography (Hewlett Packard 5880, SP 2380 capillary column, Palo Alto, CA, USA), at an injection temperature of 250 C, column temperature of 180 -225 C and hydrogen flame ionization detector temperature of 270 C. The signal was analysed by a disc integrator and compared with those of assays on mixtures of fatty acids supplied by Nu-Check Prep, (Elysian, MN, USA). The individual fatty acids in serum were calculated by use of 17:0 as internal standard. The identification was based on retention times. Results were expressed as mmol=l.
Participation=compliance
At entry, 92% of the students answered the frequency questionnaire, whereas 80% participated in blood sampling (blood lipids and lipoproteins) and registration of body weight and height, and 47% completed the 3 day food record. At the follow up, 73% answered the frequency questionnaire, 71% participated in blood sampling (blood lipids and lipoproteins) and registration of body weight and height, and 38% completed the 3 day food record.
The subjects completing the 3 day food record were compared with those who did not, on the basis of the answers given in the frequency questionnaire. No differences were found with respect to intake of meat, fish, fruit, vegetables, physical activity, alcohol, or the regularity of dinner and supper.
Among the participants who completed the 3 day record, fewer of them had daily intake of sodas (7 vs 26% for those who did not complete), they had more regular daily breakfast (84 and 60%) and fewer (10 and 27%) smoked regularly (minimum once a week).
Statistics
Statistic calculations were done by the use of EPI-info, version 6.04b, January 1997 (Dean et al, 1991) . Differences between groups were tested by means of two-sample t-tests. Table 1 presents the body weight, height and body mass index (BMI; weight kg=height (m) 2 ). The students from inland were generally smaller, and the boys had a significantly higher BMI. Twelve percent of the inland boys had BMI>28, indicating obesity, whereas none of the coastal boys presented this. Three percent of the inland and 2% of the coastal girls had BMI>28.
Results

BMI
Consumption of fish and meat
Eighty-eight percent of the students in the inland group and 90% in the coastal group reported less than one meal of boiled fish per week. More frequent intake of fried fish was reported in both regions (90% of the inland group and 60% of the coastal students reported less than two meals a week). The consumption of boiled fish and fried meat is presented in Table 2 .
The intake of meat was higher in the inland group. An estimation of the total intake of meat was also done (fried meat, minced meat, hamburger, sausages, stew), which confirmed a high intake in the inland region (P<0.001 for boys and P<0.04 for girls). Table 3 demonstrates the daily energy intake. The inland students had higher amounts of energy from protein and less from sucrose, as compared to the students from the coastal region. The intake of sugar and fat was higher than the national recommendations.
Daily energy intake
About 65% of daily fat intake was of animal origin. The reported intake of alcohol was < 1 g per day. Table 4 outlines lifestyle parameters. The boys reported higher physical activity than the girls, and the students from the coastal region reported higher activity than the inland group. Some 50 -80% reported the physical activity to be less than 4 -6 times a week, and about 10% reported Blood lipids, fatty acids, diet and lifestyle in Norwegian adolescents J Brox et al that they never had exercise to the degree of sweating or shortness of breath. The majority of the students reported being non-smokers, although about 20% of the adolescents from the coastal region and about 10% of the inland students reported smoking daily. There was no difference between boys and girls.
Lifestyle parameters
Serum lipids
The various blood lipids and lipoproteins are shown in Table  5 . There were no significant differences between the students from the inland and from the coastal region, neither at the age of 13 and 14, nor at the age of 14 and 15 y. The table also demonstrates that the level of the various parameters did not change significantly during the follow-up period (1 y). The values for 13 and 14-y-old students separately were also calculated, and there was no difference between the groups, as there was no difference between 14 and 15, nor between 13 and 15-y-old students. For the boys analysed separately, there was a non-significant reduction of the level of total cholesterol (13 -14 y: difference ¼ 7 0.36 mmol=l; 14 -15 y: difference ¼ 7 0.15 mmo=l). The percentage of students with total cholesterol >5.2 mmol=l (200 mg=dl) is also presented in Table 5 . None of the students had values >7.4 mmol=l. The levels of apoB100 (0.73 -0.88 g=l) is equivalent to LDL-cholesterol levels of 2.30 -2.75 mmol=l (r ¼ 0.889, y ¼ 2.98x þ 0.13). ApoB100 ¼ 0.96 g=l is equal to LDLcholesterol ¼ 3.0 mmol=l, which is considered high in adults. Nine percent of the coastal students and 19% of the inland students had apoB100 >0.96 g=l (13 and 14 y).
The group of 14 -15-y-old girls had statistically significantly higher total cholesterol than the boys of similar age (4.8 vs 4.6 mmol=l, P<0.05). No significant differences between boys and girls were found for any of the other parameters tested.
The large s.d. of Lp a measurements is due to considerable inter-individual differences in the Lp a level (11 -810 mg=l). The intraindividual variation (over a period of 12 months) was <20%, and the coefficient of variation of the assay (CV) was 4%.
Total fatty acids in serum
In Table 6 the concentrations of total fatty acids in serum (mmol=l) are presented. No statistically significant differences between the coastal and inland students were found, in any fatty acid, neither at the entry and nor after 1 y follow-up.
Clustering of factors negatively related to development of coronary heart disease Table 7 presents the percentage of students with clustering of factor such as daily smoking, BMI>28, physical inactivity, t-cholesterol >5.2 mmol=l and rare or no intake of fish. In three of the groups (boys from both regions and girls from the coastal region), about 30% had no factors present, while the same was found in only 10% of the inland girls. In most of the students one or two factors occurred simultaneously, and only a small fraction (<10%) had three or four factors. None of the students had all five factors present. 
Discussion
This study addresses blood lipids and dietary habits among adolescents in a region with high mortality from CDH and high levels of total cholesterol in the blood of the adult population, with a traditional difference in the level of blood cholesterol and the frequency of CHD between the coastal and inland regions (Njølstad, 1998) .
Fish and meat
In the past there have been different dietary traditions within the region, with higher intakes of fish in the population located along the coast and higher consumption of meat, especially from reindeer, in the Sami population inland (Westlund & Søgaard, 1993; Øgrim, 1993; Solvang & Øgrim, 1976 ). The present study demonstrates very low intake of fish in both regions, with no difference between the regions. About 90% of the students reported the intake of boiled fish to be occasionally or never, in contrast to only 8% in the population older than 50 y (Westlund & Søgaard, 1993) . The adolescents from the inland are consuming more meat then those in the coastal region, illustrated by the intake of fried meat, in accordance with earlier findings (Westlund & Søgaard,1993; Øgrim, 1993; Solvang & Øgrim, 1976) .
Total fatty acids
The reported low fish intake was confirmed by the measurement of serum fatty acids. The level of EPA, a marker of the intake of marine fatty acids, was very low in both groups, both at the entry of the study and after 1 y of follow-up. The EPA level was about 25% of that in adults from the coastal region, and only 5 -10% of the level achieved after daily ingestion moderate amounts (15 ml) of cod liver oil (Brox et al, 2001) . The daily intake of vitamin D was also low (Table  3) , confirming the small consumption of fish and marine lipids. Considering the health-promoting effects of EPA and intake of fish and marine lipids, with respect to prevention of coronary heart disease, coronary events and blood vessel occlusion (Schmidt & Dyerberg, 1994; Burr et al, 1989; Gissi-Prevenzione Investigators, 1999; Eritsland et al, 1996) , it is worrying that adolescents of 13 -15 y hardly consume marine fatty acids. Docosahexaenoic acid (DHA, 22:6, , in contrast to EPA, was found at similar levels those in adults (Brox et al, 2001) , indicating biological preference for this fatty acid. DHA is vital in the development of the central nervous system (Uauy et al, 2000; Youdim et al, 2000) .
Energy and nutrition
The students had higher intake of dietary sucrose and fat than the national recommendations. About 65% of the daily fat intake originated from animal sources, which contains substantial amounts of saturated fat. This is related to elevated levels of blood cholesterol (Menotti et al, 1989) .
High intake of sugar may cause more glycation of proteins as measured by glycated haemoglobin (HbA1c). Moderately increased levels of HbA1c in adult non-diabetic men has been related to increased risk of death from cardiovascular and ischaemic heart disease (Khaw et al, 2001) . The students from the coastal region had a 60 -70% higher sugar intake than recommended, which is considerably more than reported for adolescents from the south of Norway and Sweden (Andersen et al, 1995; Bergstrom et al, 1993) .
The higher dietary protein intake in the inland group, is due to the intake of meat. Only 47% of the total number of participants completed the 3 day food registration, but the results are probably relevant for the whole group since the frequency questionnaire (answered by 92%) revealed only minor differences between the students who completed and who did not complete the 3 day food registration.
Lifestyle
Moderate daily physical exercise and abstaining from smoking are known to have major impact on general health (Blair et al, 1989; Pate et al, 1995; Wannamethee et al, 1998) . It is worrying that the majority of students investigated reported that they are physically inactive. The inland adolescents were especially inactive, but they also had a lower rate of daily smokers. The impact on health may thus be similar in both groups. The findings, especially among the coastal students, are in accordance with other reports (Tell & Vellar, 1988; Oygard et al, 1995; Boreham et al, 1999) .
Blood lipids
With respect to other risk factors of CHD, the adolescents in the present study had higher levels of blood cholesterol than Italian adolescents, adolescents from a southern part & Norway and Swedish students. The level was similar to that in adolescents from Northern Ireland, an area with high mortality from CHD, and equal to offspring of families with premature coronary heart disease (Boreham et al, Koski, et al, 2000) . A considerable part (about 25%) of the students in the present study had cholesterol levels above 5.2 mmol=l, in contrast to Italian students and adolescents from south of Norway, Sweden and the USA (<10%); (Angelico et al, 2000 , Resellmo & Nielsen, 1998 , Bergstrom et al, 1995 , Anding et al, 1996 .
A level of 5.2 mmol=l (200 mg=dl) is considered high in adolescents, and may be indicative of genetic hypercholesterolemia (Angelico et al, 2000 , Anding et al, 1996 , National Cholesterol Education Program, 1999 . The basis of the present finding is not clear. The levels of HDL cholesterol in the present study is in accordance with other studies (Boreham et al, 1999) . This implies that the high total cholesterol level is caused by high LDL cholesterol, as apoB 100 is part of the LDL particle, and the apoB results demonstrate relatively high mean levels and that a substantial part of the participants, especially among the inland students, had elevated levels. High levels of total cholesterol in adolescents are associated with premature atherosclerosis (Wissler & Strong 1998 , McGill et al, 2000 , Kisanuki et al, 2000 . Inhabitants of Finnmark county have the highest rate of PTCA (percutaneous coronary angioplasty) and coronary by pass surgery in Norway, indicating higher prevalence of CHD (Hansen, 1999) .
Clustering of factors negatively related to development of coronary heart disease The present study shows that the majority of the students already at the age of 13 and 14, present one or two factors negatively related to future occurrence of arteriosclerosis and coronary heart disease. This warrants further emphasis on preventive work among adolescents, starting before the age of 13 y.
Conclusion
The present study demonstrates that adolescents in a region in northern Norway with high mortality from CHD have higher levels of total cholesterol than adolescents in the south of Norway and several other countries. They also have higher intake of dietary sugar and fat than national recommendations. The inland adolescents have higher intake of meat, probably reflecting the traditional Sami diet. Seawater fish was not an important part of the diet in any of the students groups.
About 25% of the students had total cholesterol>5.2 mmol=l, defined as high cholesterol, at the age of 13 and 14 y. Additional risk of developing CHD occurs through the low intake of marine fatty acids, as confirmed by the very low serum levels of EPA, by early tobacco smoking, by a low level of physical exercise and by relatively high BMI. Only about 30% of the students did not have any of these factors present.
